Glutathione depletion and neuronal cell death: the role of reactive oxygen intermediates and mitochondrial function.
Glutathione (GSH) levels are supposed to determine the vulnerability of many cells towards a wide array of insults. We investigated the effects of chronic inhibition of GSH synthesis and acute depletion of GSH on cerebellar granule neurons in vitro and determined cytoplasmic and mitochondrial GSH with relation to mitochondrial function and generation of reactive oxygen intermediates (ROI). l-buthionine sulfoximine (BSO), which irreversibly blocks gamma-glutamyl-cysteine synthase, led to a time- and concentration-dependent loss of cytoplasmic GSH, while mitochondrial GSH was relatively preserved. No increased generation of ROI was detected over 48 h and the mitochondrial membrane potential was largely maintained. Neuronal degeneration occurred when mitochondrial GSH levels had fallen below 50% of control after 24-36 h. In contrast, direct conjugation of mitochondrial and cytoplasmic GSH with etacrynic acid (EA), resulted in immediate loss of mitochondrial GSH, a large increase of ROI within 2 h, subsequent collapse of the mitochondrial membrane potential and complete cell death within 4-8 h. Electron microscopy studies revealed an as yet unknown change of the chromatin structure to a homogeneous granular pattern after BSO, while EA resulted in typical necrotic changes. No typical features of apoptosis, i.e., no chromatin condensation or DNA fragmentation were detected after GSH depletion after BSO or EA treatment.